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Steel ﬁbersAbstract Concrete can be modiﬁed to perform in a more ductile form by the addition of randomly
distributed discrete ﬁbers in the concrete matrix. The combined effect of the addition of two types of
ﬁbers (steel ﬁber and polypropylene ﬁber with different percentages) to concrete matrix, which is
called hybrid effect is currently under investigation worldwide. The current research work presents
the conducted experimental program to observe the behavior of hybrid high strength reinforced
concrete slab-column connections under the effect of high temperature. For this purpose, ten
slab-column connections were casted and tested. The experimental program was designed to inves-
tigate the effect of different variables such as concrete mixture, column location and temperature
ﬁghting system. All specimens were exposed to a temperature of 500 C for duration of two hours.
To observe the effect of each variable, specimens were divided into four groups according to the
studied parameters. The test results revealed that using hybrid high strength concrete HFHSC pro-
duced more strength in punching failure compared with high strength concrete HSC when exposed
to elevated temperature. Fighting by air had higher initial crack load compared with that for with-
out ﬁghting and ﬁghting by water. On the other hand, ﬁghting by water decreased the ultimate load.
 2016 Housing and Building National Research Center. Production and hosting by Elsevier B.V. This is
an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Hybrid ﬁber concrete is made in order to achieve balanced
improvement in the performance of concrete. Since concrete
is a relatively brittle material, addition of ﬁbers makes it more
homogeneous and isotropic and transforms it from a brittle to
a more ductile material. The basic purpose of using hybrid
ﬁbers is to control cracks at different size levels, in different
zones of concrete (cement paste or interface zone between
Hybrid high-strength ﬁber reinforced concrete slab-column connections 55paste and aggregate), at different curing age and at different
loading stages. The large and strong ﬁbers control large cracks.
The small and soft ﬁbers control crack initiation and propaga-
tion of small cracks [1,2].
Hassan [3], concluded that high strength concrete has more
resistance than normal concrete slab specimens when exposed
to high temperature. Cooling the specimens by water caused a
reduction in failure load and cooling by air is less effective than
cooling by water.
Mazaheripour et al. [4], showed that Polypropylene (PP)
ﬁbers did not affect the compressive strength, but applying
these ﬁbers at their maximum percentage volume increased
the tensile strength by 14.4% in the splitting tensile strength
test, and 10.7% in the ﬂexural strength. The authors [5–7] con-
cluded that the addition of polypropylene ﬁbers decreased
spalling in HSC members under ﬁre conditions.
The presence of PP ﬁbers was more effective for compres-
sive strength than splitting tensile strength above 200 C. More-
over, the splitting tensile strength of concrete was more
sensitive to high temperatures than the compressive strength
[8–11].
Using steel ﬁbers increased the resistance of the composite
reinforced with randomly distributed short carbon ﬁbers and
vice versa. The steel ﬁbers were better utilized [12,13].
The addition of hybrid ﬁbers to high strength concrete
improved the ﬁrst crack stress and ultimate strength, and leads
to the improved toughness and strain capacity in the post-
cracking zone. Used hybrid reinforcement, of small ﬁber,
makes bridges micro-cracks of which growth can be con-
trolled. This leads to a higher tensile strength of the composite.
Also, the presence of the durable ﬁber can increase the strength
and/or toughness retention after certain age [14,15].
Zeiml et al. [16] reported that spalling occurs when the per-
meability of the dry zone (a region without liquid water) of theFig. 1 Proposed mechanism of spallingconcrete member is not sufﬁcient to avoid a continuous pres-
sure buildup as a consequence of vaporization of evaporable
water. They presented an illustration of spalling based on the
results of same work [17–19] as shown in Fig. 1.
Research signiﬁcance
The main objective of this research was to investigate the effect
of high temperature on hybrid high strength reinforced con-
crete slab-column connection under the effect of axial load.
Experimental program
The current experimental program is conducted to investigate
the effect of elevated temperature on hybrid ﬁber slab-column
connections. Tests were carried out on ten specimens divided
into four groups to study the effect of mixture type, column
location and temperature ﬁghting system. All slabs were
exposed to constant temperature of 500 C for two hours.
All specimens were tested just after removal of oven except
specimens S9 and S10 were cooled by air and by water, respec-
tively, before testing. Table 1 shows the specimen’s details.
Test specimens
Test specimens represented eight interior slab-column connec-
tions and two exterior slab-column connections. The slab part
is assumed to be bounded by the line of contra ﬂexure around
the column. Slabs have a square shape of 1100 mm side length
and 100 mm thickness. Columns have square cross section of
150 mm side length and 400 mm height above the slab. All
slabs were provided with tension reinforcement of 11Ø10
and compression reinforcement of 7Ø10. All column stubsof concrete subjected to ﬁre [16–19].
Table 1 Details of test slabs and test variables.
Group Slab no. Mix type Column location Temperature duration Temperature value Fighting procedure
1 S1 HSC Center – – –
S3 FHSC (2% S.F) Center – – –
S5 HFHSC Center – – –
(1% S.F + 1% P.P)
2 S2 HSC Center 2 h 500 –
S4 FHSC (2% S.F) Center 2 h 500 –
S6 HFHSC Center 2 h 500 –
(1% S.F + 1% P.P)
3 S6 HFHSC (1% S.F + 1% P.P) Center 2 h 500 –
S7 HFHSC (1% S.F + 1% P.P) Corner 2 h 500 –
S8 HFHSC (1% S.F + 1% P.P) Edge 2 h 500 –
4 S6 HFHSC (1% S.F + 1% P.P) Center 2 h 500 –
S9 HFHSC (1% S.F + 1% P.P) Center 2 h 500 Air
S10 HFHSC (1% S.F + 1% P.P) Center 2 h 500 Water
56 R.H. Ahmed et al.were provided with vertical reinforcement of 4Ø12 as shown in
Fig. 2.
Material properties
Test specimens were prepared from available local materials.
These include CEMI (42.5 N), natural sand, crashed dolomite
with maximum normal size of 10 mm, super-plasticizer
(Viscocrete 20 HE), steel reinforcement, hooked end steel
ﬁbers, and polypropylene ﬁbers. Clean drinkable fresh water
was used in all mixes and also for curing process. The mix pro-
portions were designed to achieve target strength of 60 MPa.
Deformed bars with diameters 10, and 12 mm were used to
reinforce the slab and the column. Mild steel bars with 8 mm
diameter were used for the column stirrups. The concreteFig. 2 Reinforcement details of slab-column connecproportions by weight are given in Table 2 for high strength
concrete (HSC), Fiber High Strength Concrete (FHSC), and
Hybrid Fiber High Strength Concrete (HFHSC). Fig. 3 shows
the Hooked-end ﬁbers shape and polypropylene shape. Tables
3 and 4 show the properties of the steel bars and steel ﬁbers
and polypropylene ﬁbers used in this study.
Test setup and instrumentation
A steel frame of dimensions (1100  1100 mm) was used for
ﬁxing the specimens. The test setup was designed with the slab
in a horizontal position for ease detecting and marking the
cracks. Specimens were simply supported on steel rods around
four sides rested on steel frame. The axial load was applied in
successive increments using a hydraulic jack of 100 tontion with interior column. (All Dimension (mm)).
Table 2 Design of the concrete mix (per m3).
Concrete
mix
Cement
(kgnm3)
Coarse aggregate
(dolomite) (kgnm3)
Fine aggregate
(sand) (kgnm3)
Water
(l)
Silica fume
(kgnm3)
Super-
plasticizer (l)
Steel ﬁber
(kg)
Poly-
propylene
(kg)
HSC 600 990 660 132 65 12 – –
FHSC 600 990 660 132 65 12 153.4 –
HFHSC 600 990 660 132 65 12 76.7 8.88
Fig. 3 Hooked-end ﬁbers shape and polypropylene shape.
Table 3 Mechanical properties of steel.
Type Nom. diameter (mm) Yield strength (MPa) Ultimate strength (MPa) Elong. %
Mild steel 8 407.67 497.16 32.3
High strength steel 10 470.91 725.45 25.2
Table 4 Properties of Hooked-end steel ﬁbers and polypropy-
lene ﬁbers.
Property Value
Steel fibers
Diameter (mm) 1.0
Speciﬁc gravity (N/mm3) 78.0
Ultimate strength (N/mm2) 1298.0
Polypropylene
Tensile strength (N/mm2) 370
Density (gm/cm3) 0.91
Specimens Which Not 
Exposure to Fire th
Fig. 4 Tes
Hybrid high-strength ﬁber reinforced concrete slab-column connections 57maximum capacity. One linear variable differential transducer
(LVDT) was used to measure the deﬂection of the slab mid-
point during testing.
Specimens were basically divided into two groups during
testing. The ﬁrst group consisted of specimens S1, S3 and S5.
Specimens in this group were not exposed to elevated temper-
ature and tested under increasing axial load until failure occurs
as shown in Fig. 4. The second group consisted of all other
specimens. In this group, all specimens were exposed to ele-
vated temperature, and then tested by increasing axial load
up to failure.
For specimens exposed to high temperature, thermocouples
were used to measure temperature at four selected locations onSpecimens Which Exposure to Fire and 
ermocouple Connected to the Data Logger 
and the Sensor Connected to the Oven
t setup.
58 R.H. Ahmed et al.the top and bottom reinforcing bars. The oven was ﬁxed
around the column whatever its location in the center, corner,
or edge. The full setup for Slabs is shown in Fig. 4.
Test setup of the electrical furnace
The electrical furnace was designed and located in HBRC for
the purposes of high temperature; the temperature furnace sys-
tem consists of closed chamber contains electrical heater to
achieve temperature up to 500 C and temperature control sys-
tem. The temperature chamber consisted of four sides with
80 cm length and 25 cm height covered by heat insulation
material. The upper face of the chamber contains one opening
with dimension 20  20 cm for the column of the tested spec-
imen as shown in Fig. 5. The furnace contained a temperature
control system by means of thermocouples (Type-K) and elec-
tric contactors.
Experimental results and discussion
Effect of using different mixtures
Group one consists of, specimens S1, S3 and S5. S1 was high
strength concrete (HSC) without ﬁbers. S3 was ﬁber highFig. 5 Electrica
Fig. 6 Cracking pattern forstrength concrete (FHSC), with volumetric ratio of steel ﬁber
only Vf = 2%. S5 was hybrid ﬁber high strength concrete
(HFHSC), with volumetric ratio of mixed ﬁber of Vf = 2%
(1% S.F + 1% P.P). The specimens in this group were not
exposed to elevated temperature.
At the early stage of loading, the specimens were free from
cracks. Cracks begin ﬁrstly at slab tension face with radial
cracks running from the column circumference toward the slab
edge. Increasing the load led to an increase in number of
cracks, and their widths till failure, as shown in Fig. 6. Slab
S3 with steel ﬁber of Vf = 2% had higher initial crack load
by 110% and 75% compared with those of S1 and S5, respec-
tively. The specimen S1 failed suddenly in punching shear in a
brittle manner and extensive spalling of tension concrete cover
while minor deformations were observed in the compression
zone. All specimens have the same punching zone area
200  200 mm with square shapes.
At initial crack load of S1, the measured deﬂection was
decreased by 68.04% and 44% compared with those for spec-
imens S3 and S5, respectively. The ultimate deﬂection for S5
with mixed ﬁber of Vf = 2% (1% S.F + 1% P.P) was higher
by 62.3% and 24.3% compared with those for specimens S1
and S3, respectively. It has been noticed that the ultimate
capacity is a function of the used ﬁbers. It was observed that
using steel ﬁber by Vf = 2% increased the ultimate load byl furnace (3).
specimens S1, S3, and S5.
Fig. 7 Load–deﬂection curves for specimens S1, S3 and S5.
Hybrid high-strength ﬁber reinforced concrete slab-column connections 5930.75% and 6.5% compared with those for specimens S1
(without ﬁbers) and S5 (Vf = 1%+ P.P = 1%), respectively
as shown in Fig. 7. So, using ﬁbers showed more ductile behav-
ior and more deformations in compression side.
Ductility
The ductility index is calculated as the ratio of the ultimate
deﬂection (Du) to the yield deﬂection (Dy) is the deﬂection at
75% of the ultimate load. It was observed that the ductility
index for specimens S3 (FHSC, Vf = 2% S.F) and S5
(HFHSC, Vf = 1% of S.F + 1% of polypropylene) was
increased by 71% and 15.5% compared with that for specimen
S1 without ﬁber. The results are indicated in Table 5.
Stiffness
From load–deﬂection curves, two values for the stiffness of the
tested slab-column connections were obtained. The ﬁrst stiff-
ness value is the uncracked (Ki), which is deﬁned as a ratio
between the ﬁrst crack load and the displacement at ﬁrst crack-
ing load. The second value is (Ku) which is the ultimate load
and the ultimate displacement. The stiffness degradation ratio
(ku/ki) is also calculated. The uncracked stiffness of S3 (FHSC,
Vf = 2%S.F) and S5 (HFHSC, Vf = 1% S.F + 1% P.P) wasTable 5 Stiffness degradation of specimens.
Specimen First crack load
(kN)
Deﬂection
(mm)
Ki (kN/
mm)
Ultimate load
(kN)
S1 100 0.9 111.11 367
S3 210 3.9 53.85 530
S5 120 2.1 57.14 497
Fig. 8 Cracking pattern forincreased by 133%, and 66% compared with that for S1 with-
out ﬁber, respectively as shown in Table 5. This result is due to
the fact that providing ﬁber to concrete mixture leads to higher
cracking loads as well as deformation. On the other hand, stiff-
ness degradation increases by providing ﬁber to concrete
mixture.
Effect of elevated temperature using different mixtures
Group two consists of, specimens S2, S4 and S6. Specimen S2
represents high strength concrete specimen without ﬁber. Spec-
imen S4 represents high strength concrete provided with Vf of
2% steel ﬁber. Specimen S6, represents high strength concrete
provided with Vf of 1% steel ﬁber in addition to 1%
polypropylene. All slabs were exposed to elevated temperature
500 C for 2 h and tested just after removal the oven.
Initiation of random tiny ﬁne cracks was found. As the
temperature was increased, the width of those cracks was
increased with the increase in temperature. Very ﬁne tangen-
tial cracks were ﬁrst observed around the column and few ﬁne
cracks started in radial directions running from the column
edge toward the slab support. As the applied load increased,
the width of these cracks increased and other new cracks
developed and began to propagate in several directions
toward edge forming a semicircular shape except those in
specimen S2 (HSC). This specimen has been completely col-
lapsed around the column during exposure to elevated temper-
ature as shown in Fig. 8. Slab S6 shown had higher initial
crack load by 20% compared with that for S4. The observed
cracks in specimen S4 with 2% steel ﬁber were much more
than the cracks in specimen S6 with 1% steel ﬁber and 1%
polypropylene. The punching zone dimensions of S6 were sig-
niﬁcantly reduced compared with those found in specimens S2
and S4 as shown in Fig. 9. Specimen S6 with hybrid ﬁber
showed higher ultimate load by 2.7% compared with that
for S4 with the same ﬁber content. On the other hand, using
of hybrid ﬁber reduced the deﬂection at ultimate load by
42% as shown in Fig. 10.Deﬂection
(mm)
Ku (kN/
mm)
Stiﬀness
degradation ku/ki
Ductility index
Du/Dy
9.74 37.68 0.33 1.55
12.72 41.67 0.77 2.65
15.8 31.5 0.55 1.79
specimens S2, S4 and S6.
Fig. 9 Punching zone area of specimens S2, S4 and S6.
Fig. 10 Load–deﬂection curves for specimens S4 and S6.
Fig. 12 Load–deﬂection curves specimens S6, S7 and S8.
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The ductility index and stiffness degradation ratio (ku/ki) are
shown in Table 6. It can be realized that ductility index for
specimens S4 was increased by 17.6% compared with that
for S6, while the uncracked stiffness for specimen S6 is
increased by 84% compared with that for specimen S4.
Effect of column location
In group three, a comparison is carried out between specimen
S6 (center column), S7 (corner), and S8 (edge column) which
were exposed to 500 C for 2 h and tested just after removal
from the oven. For specimen S7 it can be observed that, atTable 6 Ductility index and stiffness of specimens (S2, S4 and S6).
Specimen First crack load
(kN)
Deﬂection
(mm)
Ki (kN/
mm)
Ultimate load
(kN)
S2 Collapse during exposure to ﬁre
S4 80 1.5 53.3 475
S6 100 1.02 98.04 488
Fig. 11 Cracking pattern forfailure very wide cracks started to be propagated at distance
150 mm from column face at compression side to tension side
with angle of inclination of 25 forming the punching shear
failure. For specimens S8, cracks started to be propagated at
distance 125 mm from column face at compression side to ten-
sion side with angle of inclination of 40 and the noticed num-
ber of cracks was much more than those in specimen S7 as
shown in Fig. 11. Corner and edge column specimen showed
smaller punching zone area compared with that for center
column specimen. Slab S6 showed higher initial crack load
compared with those in S7 and S8 with corner and edge col-
umn. Fig. 12 shows the load–deﬂection curves for specimens
S6, S7 and S8.Deﬂection
(mm)
Ku (kN/
mm)
Stiﬀness
degradation ku/ki
Ductility index
Du/Dy
28.14 16.87 0.32 1.94
11.73 41.6 0.41 1.65
specimens S6, S7 and S8.
Table 7 Ductility index and stiffness of specimens (S6, S7 and S8).
Specimen First crack load
(kN)
Deﬂection
(mm)
Ki (kN/
mm)
Ultimate load
(kN)
Deﬂection
(mm)
Ku (kN/
mm)
Stiﬀness
degradation ku/ki
Ductility index
Du/Dy
S6 100 1.02 98.04 488 11.73 41.6 0.41 1.65
S7 30 0.85 35.3 182 4.30 42.32 1.19 1.59
S8 80 1.8 44.5 222 11.30 19.65 0.44 2.26
Fig. 13 Cracking pattern for specimens S6, S9 and S10.
Fig. 14 Load–deﬂection curves for specimens S6, S9 and S10.
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The ductility index and stiffness degradation ratio (ku/ki) for
specimens S6, S7 and S8 are shown in Table 7. It can be
observed that the ductility index for specimens S7 and S8 with
corner and edge columns is 96% and 137% compared with
that for S6 with central column. The uncracked stiffness for
specimens S7 and S8 with corned and edge columns was
36% and 45% compared with that for specimen S6 with cen-
tral column.
Effect of fighting process
In group four, specimen S6 (without ﬁghting), S9 (ﬁghting by
air) and S10 (ﬁghting by water) were observed and compared.
Initiation of random tiny ﬁne cracks was observed when
specimens were exposed to elevated temperature. After apply-Table 8 Ductility index and stiffness of specimens (S6, S9 and S10
Specimen First crack load
(kN)
Deﬂection
(mm)
Ki (kN/
mm)
Ultimate load
(kN)
S6 100 1.02 98.04 488
S9 160 4.6 34.78 469
S10 50 1.3 38.4 390ing the loads, very ﬁne tangential cracks were ﬁrst observed
around the column and few ﬁne cracks started in radial direc-
tions running from the column edge toward the slab support.
As the applied load increased, the width of these cracks
increased and other new cracks were developed and began to
propagate in several directions toward edge forming a semicir-
cular shape as shown in Fig. 13. Specimen S9 showed higher ini-
tial crack load compared with those for S6 and S10. Specimens
S6 and S9 showed the same punching zone while this zone is
increased with the use of water for ﬁghting in specimen S10.
The ultimate load was reduced with the use of ﬁghting process.
Using air for ﬁghting reduced the ultimate load by 4%, while it
was reduced by 20% when water was used for ﬁghting. Fig. 14
shows load–deﬂection curves for specimens S6, S9 and S10.
Ductility and stiffness
The ductility index and stiffness degradation ratio (ku/ki) for
specimen S6, S9 and S10 are shown in Table 8. It was observed
that the ductility index for specimens S9 and S10 was improved
by 19% and 15.7% compared with that for specimen S6. On
the other hand, the uncracked stiffness for specimens S9 and
also S10 was 35% and 39%, respectively compared with that
for specimen S6, respectively.
Conclusions
An experimental program was conducted to observe the
behavior of hybrid high strength reinforced concrete slab-
column connections under the effect of high temperature.
For this purpose, ten slab-column connections were casted,).
Deﬂection
(mm)
Ku (kN/
mm)
Stiﬀness
degradation ku/ki
Ductility index
Du/Dy
11.73 41.6 0.41 1.65
21.60 21.7 0.62 1.96
13.95 27.95 0.72 1.91
62 R.H. Ahmed et al.exposed to a temperature of 500 C for two hours and then
tested. Concrete mixture with and without ﬁbers, column loca-
tion and temperature ﬁghting system were focused.
Based on the experimental results, the following conclu-
sions could be obtained:
For specimens that were not exposed to elevated temperature
1. The presence of steel ﬁber with Vf = 2% showed more duc-
tile behavior, more deformations in compression side,
increased the initial crack load, improved the failure load
and increased the ultimate deﬂection.
2. Adding 2% steel ﬁbers increased the ductility index and
stiffness degradation for slab.For specimens that were exposed to elevated temperature
1. The presence of polypropylene ﬁbers in general signiﬁcantly
reduced the number of observed cracks and increased the
initial crack load compared with those when steel ﬁber
was only used.
2. The use of 1% polypropylene in addition to 1% steel ﬁbers
increased the ultimate load capacity and signiﬁcantly
reduced deﬂection compared with those when 2% steel ﬁber
was used.
3. Addition of 2% steel ﬁbers to concrete mixture increased
the ductility index as well as the ductility index as well as
the ductility; however, large deﬂection was found.
4. Central column location led to low initial cracking loads,
less deﬂection, and more cracks compared with those when
edge or corner column location was witnessed.
5. Providing the column in the edge increased the ductility
index compared with that where column is provided in
the corner. Ductile behavior with large deformation was
observed for edge column. On the other hand, central col-
umn showed less uncracked stiffness.
6. Providing columns either in center or in corner minimizes
spalling in specimens under high temperature Conditions.
7. Fighting by air had higher initial crack load compared with
that for without ﬁghting and ﬁghting by water. On the
other hand, ﬁghting by water decreased the ultimate load.
8. Fighting by air led to ductile behavior with large deﬂection,
while ﬁghting by water yielded to higher stiffness degrada-
tion compared with ﬁghting by air.
9. Fighting by air minimizes spalling in specimens under high
temperature Conditions.References
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